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ABSTRACT 



A longitudinal bias structure to be placed adjacent a ferro- 
magnetic free layer or a sense layer which is responsive to 
an external magnetic field and belongs to a magnetic sensor, 
for example a magnetic readback sensor such as an aniso- 
tropic magnetoresistive (AMR) sensor, giant magnetoresis- 
tive (GMR) sensor such as GMR spin valve sensor or GMR 
multilayer sensor or in tunnel valve sensor. The longitudinal 
bias structure is built up of a top ferromagnetic bias layer of 
first thickness tj having a first magnetic moment M 1? a 
bottom ferromagnetic bias layer of second thickness t 2 
having a second magnetic moment M 2 which is anti-parallel 
to first magnetic moment Mj of the top ferromagnetic bias 
layer, and an exchange-coupling layer disposed between the 
top and bottom bias layers. In this configuration the top 
ferromagnetic bias layer and the bottom ferromagnetic bias 
layer are antiferromagnetically coupled by the exchange- 
coupling layer and the remnant magnetization thickness 
product of the bias structure is desirably low and equal to 
Mjtj-M^. The longitudinal bias structure can further 
include an antiferromagnetic layer next to one of the ferro- 
magnetic bias layers to provide a pinned longitudinal bias 
structure. 

26 Claims, 8 Drawing Sheets 
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Fig. 1A 
(Prior Art) 
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MAGNETIC SENSORS HAVING 
AN1TFERROMAGNETICALLY EXCHANGE- 
COUPLED LAYERS FOR LONGITUDINAL 
BIASING 

FIELD OF THE INVENTION 

This invention relates generally to magnetic sensors such 
as readback sensors used in magnetic recording systems. 
More particularly, the present invention relates to a structure 
for providing longitudinal bias for a sense layer in magne- 
toresistive sensors. 

BACKGROUND OF THE INVENTION 

Thin film magnetoresistive sensors or heads have been 
used in magnetic data storage devices for several years. The 
fundamental principles of magneto resistance including 
anisotropic magnetoresistance (AMR), giant magnetoresis- 
tance (GMR) and spin tunneling have been well-known in 
the art for some time. Magnetic readback sensor designs 
have been build using these principles and other effects to 
produce devices capable of reading high density data. In 
particular, three general types of magnetic read heads or 
magnetic readback sensors have been developed: the aniso- 
tropic magnetoresistive (AMR) sensor, the giant magnetore- 
sistive (GMR) sensor or GMR spin valve and the tunnel 
valve sensor. The construction of these sensors is discussed 
in the literature, e.g., in U.S. Pat. No. 5,159,513 or U.S. Pat. 
No. 5,206,590. 

FIG. 1 A shows a typical GMR readback sensor according 
to the prior art. The sensor has a high coercivity ferromag- 
netic pinned layer 4 with a fixed magnetic moment pointing 
unto the page and a low coercivity ferromagnetic free layer 
5 with a movable magnetic moment, which can rotate from 
pointing into the page to pointing out of the page. The 
direction of the magnetic moment of the pinned layer 4 is 
fixed by exchange coupling with an antiferromagnetic layer 
3. Pinned layer 4 and free layer 5 are separated by a thin film 
of copper 7 or other metal with a relatively long electron 
mean free path. Hard bias layers 6 provide a biasing mag- 
netic field to the free layer 5. 

This construction of the GMR sensor enables the mag- 
netic moment of free layer 5 to rotate rapidly and easily in 
an externally applied magnetic field. Typically, such rotation 
of the magnetic moment of free layer 5 occurs during 
operation in response to an external magnetic field encoding 
corresponding data, e.g., in a track of a magnetic disk. In 
accordance with the well-known principles of 
magnetoresistance, rotating the magnetization alters the 
resistance of the GMR sensor to a current i passing between 
a first electrical contact 8A and a second electrical contact 
8B by a certain value AR. (In general, the larger the value 
of AR in relationship to total resistance R, i.e., the larger 
AR/R the better the sensor.) This change in resistance due to 
rotation of the magnetization of free layer 5 can thus be 
electronically sensed and used in practical applications such 
as reading of magnetic data. 

An important concern in the design of the sensor of FIG. 
lAis the longitudinal bias of the free layer 5. The longitu- 
dinal direction is the direction in the plane of the air bearing 
surface and parallel to the layers of the sensor, i.e., from left 
to right in FIG. 1A as indicated by arrow L. The free layer 
must be biased by hard bias layers 6 so that the free layer has 
only a single magnetic domain. When no biasing is present, 
the magnetic moments in free layer 5 tend to establish a 
multi-domain state, as is well-known. When free layer 5 is 
allowed to have more than one magnetic domain, then it 
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experiences Barkhausen jumps and other domain reorienta- 
tion phenomena during magnetic reversal as when respond- 
ing to external magnetic fields encoding data in a magnetic 
recording disk. This problem is also known in the art and is 

5 highly undesirable as it produces noise and worsens the 
signal-to-noise ratio (SNR) of the sensor. 

In order to provide the longitudinal biasing field and 
prevent Barkhausen noise several schemes have been 
employed. One uses hard bias layers 6 that have a high 

10 coercivity. For more details on longitudinal biasing using a 
hard biasing ferromagnetic layer the reader is referred to 
U.S. Pat. No. 5,729,410 to Fontana, Jr. et al. 

Another longitudinal biasing scheme, sometimes also 
referred to as a continuous spacer design scheme, is illus- 

15 trated in FIG. IB. This figure uses the same reference 
numerals as FIG. 1A to designate corresponding parts. The 
order of layers in sensor of FIG. IB is opposite from that in 
FIG. 1A and an additional buffer layer 1 and cap layer 2 are 
provided. In this scheme a single magnetic layer 9 A, e.g., a 

20 Ni — Fe layer, is fixed or pinned by an antiferromagnet 9n in 
contact with magnetic layer 9A and both are located adjacent 
free layer 5. Magnetic layer 9A provides a magnetic moment 
indicated by the arrow adjacent to free layer 5 for longitu- 
dinal biasing of free layer 5. For more details on this 

25 longitudinal biasing scheme the reader is referred to U.S. 
Pat. No. 5,528,440 to Fontana et al. 

For proper biasing, the longitudinal bias layers should 
have a remnant magnetization several times the thickness 

3Q product (M r T w<w ) that is proportional to the M r T^ tf of the 
free layer. A typical value for the hard bias M r T Woj product 
is 1.7 times the free layer M r T^ e product. 

Developers of data storage devices are constantly striving 
to reduce the dimensions of readback sensors so that the data 

35 density of magnetic data storage products is increased. In 
order to increase the data density, the thickness of the free 
layer must be decreased. For a data density of about 3 
Gb/in 2 , the free layer should have a magnetic moment 
equivalent to that of about 70 Angstroms of Ni 80 Fe 20 alloy; 

4Q for a data density of about 40 Gb/in 2 , the free layer should 
have a thickness equivalent to about 45 Angstroms of 
Ni soF e 2o alloy. For typical materials used the physical 
thickness of the free layer will drop from about 70 Ang- 
stroms at 3 Gbit/in 2 to as thin as 30 Angstroms at 40 

45 Gbit/in 2 . 

Reducing the thickness (and therefore M r Ty^ c ) of the free 
layer requires a corresponding reduction in the M r T bias of 
the hard bias layers. Specifically, the proportionality con- 
stant between the free layer M/I}^ and hard bias M r T WflJ 

so (i c. 1.7) should be roughly preserved, although the exact 
value depends on specific geometric considerations. 
However, problems are encountered when one attempts to 
reduce the M r T bias value of the hard bias layers. Under these 
conditions, the reduction in coercivity of CoPt alloys typi- 

55 cally used in hard bias layers is a well-known problem. 
The M r T bias value of the hard bias layer can be reduced 
by decreasing its thickness. However, this is undesirable 
because it reduces the coercivity of the hard bias layer, 
making it susceptible to external fields and its own dernag- 

60 netizing fields and thus making it less effective at suppress- 
ing Barkhausen noise. Further, a hard bias layer with 
reduced thickness may be unstable and magnetically decays 
over time. This could result in a reduced lifetime of the 
readback sensor. The magnetic stability of hard bias layers 

65 for hard bias could be increased by increasing the magnetic 
anisotropy of the hard bias layer material, but this has 
proved difficult with conventional CoPt based materials. 
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Referring back to Fig. IB, schemes that employ longitu- structure can be employed in anisotropic magnetoresistive 

dinal bias using antiferro magnet 9B in contact with a single (AMR) sensors, giant magnetoresistive (GMR) sensors such 

magnetic layer 9A (continuous spacer design) need that as GMR spin valve sensors or GMR multilayer sensors or io 

antiferromagnet 9B to stabilize bias magnetic layer 9A along tuonel valve sensors. When employed in tunnel valve sen- 

the longitudinal direction. Since the longitudinal direction is 5 sors an electrical insulation is provided between the longi- 

not in the direction of pinned layer 4, which uses antiferro- tudinal bias structure and the magnetic sensor, 

magnet 3 a difficulty arises in setting antiferromagnets 3 and In one embodiment the longitudinal bias structure can 

9B simultaneously. Thus, a scheme which does not use an farther include an antiferromagnetic layer next to either the 

antiferromagnet in the longitudinal bias is desirable. bottom or top ferromagnetic bias layer. This embodiment 

However, if an antiferromagnet is used, it is desirable to io represents a pinned longitudinal bias structure, 

increase me exchange field between the antiferromagnet and ^ cxchange-couplmg layer is a non-magnetic layer and 

ongitudinal bias layer to increase me magnetic stability of CJm be made Qf such a& R & Rh 0f ^ ^ 

the longitudinal bias so that it is not disturbed by external and bottom ferro etic 5ias k can be made £ 

fields or its own demagnetizing field. m ^ [s such as Co> fe Ni Qr ^ containing mese 

Finally, there exists a need in the art of micromagnetic 15 materials. Suitable alloys include, for example, CoFe and 

sensors for a longitudinal biasing structure that is capable of NiFe (permalloy). More magnetically hard alloys such as 

providing longitudinal biasing of extremely thin ferromag- CoPt? CoPtCr, CoPtTa and the like can also be used, but 

netic films. Such a longitudinal biasing structure would mese may require mat a strong exchange-coupling 

facilitate the use of magnetic readback sensors in data kyer (e.g. Co) be placed between the hard bias layer and the 

storage devices having extremely high data densities. 20 ^.^^1 spa cer layer. Tbe first magnetization M 2 and the 

OBJECTS AND ADVANTAGES OF THE second magnetization M 2 are such that a net magnetic 

INVENTION moment of the bias structure in the external field is non-zero 

..... . . . but relatively low. Preferably, the net magnetic moment of 

Accordingly, it is a primary object of the present invention ^ bias structure is thc rangc equiva i ent to 0-50 A of 

to provide a structure for longitudinal biasmg of magnetic 25 ^ p « 

thin films that: " so 20 

, x . . , „ ... Magnetic sensors using the longitudinal bias structure 

1) can provide longitudinal biasing of extremely thin according to ^ can be ^ fof many purposes 

s > Notably, they can be employed in magnetic read heads used 

2) has a high coercive field; ^ m magnetic disk drives. 

3) is relatively simple to fabricate; Further details of ^ mventioD and me embodiments are 

4) can be used in anisotropic magnetoresistive sensors discussed below in the detailed description with reference to 
(AMR), giant magnetoresistive (GMR) sensors, and the attached drawing figures. 

tunneling valves; 

5) can be set using an ordinary electromagnet with 

or 35 DESCRIPTION OF THE FIGURES 

without field cooling in a conventional oven; FIG. 1A (Prior Art) shows a magnetoresistive readback 

6) is compatible with known magnetoresistive readback sensor with a longitudinal bias scheme. 

sensor materials and designs; FIG. IB (Prior Art) shows a magnetoresistive readback 

7) is compatible with known techniques for fabneating sen sor with another longitudinal bias scheme, 
magnetoresistive readback sensors; and 40 ~, . , £ , .__ ... . , . 

oV . ^ , , * „ , , FIG. 2A is a schematic of a longitudinal bias structure 

8) can simultaneously have a very small M r t product and accordmg to the invention. 

a high reversing field and stability. . . . . „ , . „ , , . 

These and other objects and advantages will be apparent nG - 28 15 * Schem * U ? of 1 P mned lo ^^ "las 

upon reading the following description and accompanying StrUctUre " CCOrdm * to mventlon - 

drawings. 45 FIGS. 3A & B are schematics of a longitudinal bias 

structure and a pinned longitudinal bias structure used in an 

SUMMARY OF THE INVENTION AMR sensor. 

The objects and advantages of the invention are achieved FIGS. 4 A & B are schematics of a longitudinal bias 

by a longitudinal bias scheme or a longitudinal bias structure structure and a pinned longitudinal bias structure used in a 

which biases a ferromagnetic free layer belonging to a 50 GMR spin valve sensor. 

magnetic sensor. Tbe ferromagnetic free layer has a mag- FIG S. 5A & B are schematics of a longitudinal bias 

netization M 0 which is responsive to an external magnetic structure and a pinned longitudinal bias structure used in a 

field. The longitudinal bias structure is located adjacent the tunnel valve sensor 

^1^^^ U P° f atopferromagneticbiaslayerof FIG. 6 shows a GMR sensor with a longitudinal bias 

first thickness t, having a first magnetic moment M a , a 55 accordmg to me invention. 

bottom ferromagnetic bias layer of second thickness U „ r „ ° , , . . . , 

having a second magnetic moment M* which is anti-parallel A . F G * 1 shows a bo tom . s P m valve sensor a lon S ltu - 

to first magnetic moment M 1 of the top ferromagnetic bias dlDal bias accor£un g to mvenUon. 

layer, and an exchange-coupling layer disposed between the FIG - 8 shows a to P s P m valve SCDSOr ^ a longitudinal 

top and bottom bias layers. A thickness U of the exchange 6 o bias accordi °g to thc invention. 

coupling layer is adjusted to ensure anti-parallel coupling FIG - 9 shows an alternative embodiment of the longitu- 

between top and bottom ferromagnetic bias layers across the dmal D * as kyer including an AF layer in a GMR sensor, 

exchange-coupling layer. The remnant magnetization thick- FIG. 10 shows an embodiment of the longitudinal bias 

ness product M r t of the longitudinal bias structure is equal structure having three ferromagnetic bias layers employed in 

to M 1 t-M 2 t 2 and is consequently low, as is desirable. 65 a GMR sensor. 

The longitudinal bias structure of the invention can be FIG. 11 shows a longitudinal bias structure according to 

used in various types of magnetic sensors. For example, the the invention in a sensor having a buried free layer. 
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FIG. 12 shows a longitudinal bias structure according to ferromagnetic bias layer 22 of thickness t l7 magnetization 

the invention in an anisotropic magneto resistive structure. M 1 and a bottom ferromagnetic bias layer 24 of thickness t 2 

FIG. 13 shows a tunnel valve sensor, specifically a magnetization M 0 An exchangecoupling layer 26 

magnetic tunnel junction (MTJ) sensor equipped with a ensures AF exchange-coupling between bias layers 22, 24. 

longitudinal bias structure according to the inventiou. 5 An additional antiferromagnetic layer 28 of thickness tAF is 

- A , , . .j « ... provided next to bottom bias layer 24. According to known 

, 14 ^° W \ a *T C1 Vahl f. SCnSO l k P rovided wth * principlesAFlayer2fiexchangebiasesbottombiaslayer24. 

longitudinal bias structure according to the invention. In fact> ^ layer ^ pins bottom bias laycf 34 ^ 4^ 

DETAILED DESCRIPTION mat ^ ot ^ l avcrs ^2, ^4 nave a m gh er reversal field. The 

' * ' 1Q exchange field exhibited by a single ferromagnetic layer in 

The salient features of the longitudinal biasing scheme contact with an antiferromagnet is approximately enhanced 

according to the invention will be best understood by by a factor of (M 1 t J +M 2 t2)/(M J t 1 -M 2 t 2 ) when an anti- 

revie wing their schematics. In particular, FIG. 2 A schemati- parallel structure is substituted, as is known in the art. 

cally illustrates a thermally-stable hard longitudinal bias Pinned bottom bias layer 24 can advantageously be set by 

structure 10 having a low remnant magnetization thickness cooling from above the blocking temperature of structure 

product M r t Structure 10 has a top ferromagnetic bias layer 15 20 Tti* sets tne stable state of pinned bottom bias layer 24 

12 of thickness t x exhibiting a first magnetic moment M ] . A to be AF coupled to the direction of the setting field used and 

second ferromagnetic bias layer 14 of thickness t, and enhanced pinning stability. A person of average skill in the 

exhibiting a second magnetic moment G is separated from recognize that pinning of magnetic layers with an AF 

top bias layer 12 by an exchangecoupling layer 16. First la y cr * l^ 4 **'- m ^i-paraUel pinned spin 

magnetic moment M a and second magnetic moment M, are 20 ™gj ^ sors ' ™ d 15 Scribed, for example, m U.S. Pat. No. 

anti-parallel, as indicated by arrows representing the mag- ' ' " .„ 

oetic moments of layers 12, 14. One of longitudinal bras structures 10, 20 can be used 

_ , , ' . , with any magnetic sensor having a sensing layer such as a 

Exchange-coupling layer 16 is made of a non-magnetic ferromagnetic free layer which requires biasing to ensure its 

material, e.g., a transition metal or an alloy containing a ^ single-domain magnetization. This is especially important in 

transition metal capable of inducing anti-parallel coupling cases w h ere the thickness of the free layer is small, e.g., 

between top layer 12 and bottom layer 14. A thickness t^, between 1-100 A. 

of exchange-coupling layer 16 should be chosen so that FIGS. 3Aand 3B illustrate how longitudinal bias structure 

magnetizations of layers 12 14 are anti-parallel when there 10 md longitudinal bias structure 20 are employed in an 

is no applied magnetic field acting on structure 10. For x ^^pic magnetoresistive (AMR) sensor 30. In FIG. 3A 

example, thickness mm can be in the range of 2-30 A ^ sensor 30 ^ LoQgitudina i bias structure i 0 to either 

Suitable material choices include Ru Cr Rh and Cu. A side to bias & sensin la Qr a felromagnetic free layer 32 . 

person of average skill in the art will be familiar with the Sensor 30 ^ Das a spacer kyer 34 and a soft adjacent layer 

choice of materials, smce general principles of anti-parallel (SAL) 36( M ^ ^ art ^ nG 3B ^ 3 „ 

coupling in ferromagnet sandwiches are weU-known in the 3J uses longitudina j bias 20 for biasing free layer 32. 

art and are described, for example, in U.S. Pat. No. 5,465, . « , .„ , , . . ' ,„ 

185 to Heim et al FIGS. 4Aand 4B show how longitudinal bias structure 10 

' , . and longitudinal bias structure 20 are employed to bias a free 

Top and bottom bias layers 12, 14 thus antiferromagneU- layer 42 of a g^, ma g ne toresistive (GMR) spin valve 

cally (AF) excbange-coupled by non-magnetic exchange sensor 40 Spin va]ve 40 ^ has a spacer layer 44 a pioned 

coupling layer 16 according to known physical principles 40 layet 4 6 and an AF layer 48. It should be noted that spin 

are made of magnetic materials. Preferably, top and bottom valve 40 can a]so be replaced b GMR mllltilay e r 

bias layers 12, 14 are made of a magnetic material such as sensor 

F r » °r ^^^r^^^ FIGS ' 5A aQd 58 bias structures 10, 20 applied 

N ' F ^ P \^ CoPtTa CoPtCrB and permalloy. It m a ^1 valve sensor 50. Due to me perpendicular flow of 

should be noted that more than _two bias avers 12, 14 can be 4S curKm m $Q electrica] s2 i& ^ 

AF coupled m this manner, and the resulting more complex betwcen Was structures 1Q 20 md seQSor 50 SenS0f 50 has 

structures can also be used m the longitudinal biasing a free j J4 m s acer layer 56 , inned , 

scheme of the invention. 58 and an AF layer 60. 

Because the magnetizations of bias layers 12 14 are ^ views of FIGS 3,5 mustrate how ue 

ami-paraUel they subtract and thus reduce an overall or net 50 longitudinal bias structure of the invention is applied in 

magnetic moment of structure 10 Preferably, the net mag- magIletic sejJS0ts ^ a frec k which kes biask In 

netic moment when no magnetic fiekl is applied to structure ^ cases ^ extemd m ^ aSects , magn e,izaUon 

10 is low but non-zero. This can be ensured by selecting ^ of ^ frec , md rotates u correspondingly. The 

proper thickness values t la t, and magnetic moments Mj, M 2 physical principIes behind thls ^ of sensi exteraal 

using the fact that the remnant magnetization thickness ss magn eUc fields are weU-known. Tne magnetic sensors with 

product M r t of structure 10 due to anh-paraflel alignment of bias slmcrares of mc invention can be used in various 

magnetizations is M^-N^ In general, thicknesses t, t, app Hcations, including magnetic read heads or readback 

should each be less than 200 A. Magnetic moments M„ M, sensors for readin dala ^ , ^ mcdium In the 

should be in the range of a fraction of a Tesla to several lat(er me 6XternaJ tic field fc b 

Tesla The coeremty of such an anti-paraflel structure is so information bite stored in a magnetic medium, e.g., a mag- 

considerably kgher than that of the constituent ferromag- n6tic ^ ^ foUowin te mus(rate fead . 

netic layers 12, 14. An estimate of the enhancement factor back ^ d ^ longltudina , bias structures 0 f 

for this anti-parallel structure is (M^+M-jtjXM^-Mjt,), mc m v en ti on . 
as is known in the literature. Exemplary values will be 

provided in the examples discussed below. 55 EXAMPLES 

FIG. 2B illustrates another thermally-stable and low M r t FIG. 6 shows a GMR readback sensor 70 equipped with 

longitudinal bias structure 20. Structure 20 also has a top a longitudinal bias structure 90 in accordance with the 



05/05/2004, EAST Version: 1.03.0002 



US 6,266,218 Bl 

7 8 

invention. Sensor 70 has a substrate 72, an antiferromagnetic provides the field required for longitudinal biasing of free 
(AF) layer 74, and a high coercivity ferromagnetic pinned layer 78. The stability and reversal field of bottom bias layer 
layer 76 on top of AF layer 74. The magnetic moment of 86 is greatly improved compared to conventional hard bias 
pinned layer 76 is fixed in a direction perpendicular to the layers (as in FIG. 1) because bottom bias layer 86 is part of 
page by exchange coupling with AF layer 74. A low coer- 5 exchange coupled structure 90. Top bias layer 84 provides 
civity ferromagnetic free layer 78 has a magnetic moment added stability to bottom bias layer 86 by exchange coupling 
perpendicular to the magnetic moment of pinned layer 76 in wth bottom bias layer 86 to reduce the net magnetic 
zero applied field. The magnetic moment of free layer 78 is Wfoout top bias layer 84 bottom bias layer 86 
free to rotate when an external magnetic field is applied by would have lower reversal field and poorer stability, 
magnetically stored information bits. A thin non-magnetic 10 . Preferably, the magnetic moment of each bias layer 84, 86 
conductive layer 80 is disposed between pinned layer 76 and ^adjusted by mdividually controlling the ; sicknesses t t 2 
free layer 78. As is known in the art, conductive layer 80 has f ' ^ embodiment of FIG. 6 bottom bias 
... / u- u • i 4U i * c *u • layer 86 is preferably made to have a relatively high mag- 
a thickness which is less than an electron mean free path in moment com ared to to bias la er 84 b maki 
the conductive layer material. An additional cap layer 82 is ° e _ c momeQ C0 °?P a * e . 0 a ^ er ? m , n 6 
«. , . 3 f tU f 1 - 0 ~ i m • bottom bias layer 86 thicker. The thicknesses of bias layers 
disposed on top of the free layer 78. Cap layer 82 is 15 OA Q£ , , J , 4| _ .. .._ ... 1t _ . J 
non-magnetic and can be made, e g., of Ta, Ru or die oxides 8 , 6 ako depends upon the required longitudinal bias field, 
of Ta Ru Si or Al ge 1S rw l uired » then DOttom bias laver 86 
a ' ' 1 01 should be made much thicker than top bias layer 84. For 
According to the present invention, sensor 70 has a top example, bottom bias layer 86 has a thickness of 35 A, and 
ferromagnetic bias layer 84 and a bottom ferromagnetic bias top bias layer g4 has a thidaiess of 25 A. In a specific sensor 
layer 86 on either side. Bias layers 84, 86 are preferably less 20 ^ ^ a longitudinal 5ias ^ a reversal field 
than 200 A thick but still sufficiently thick to be thermally of about 4 k0e applied to the edge of free layer 78 
and magnetically stable so that sensor 70 lifetime is not Alternatively, the magnetic moment of each bias layer 84, 
adversely attected. 86 ^ by individually controlling the composition of 
Bias layers 84, 86 are separated by a non-magnetic the bias layers. In the embodiment of FIG. 6, bottom bias 
exchange-coupling layer 88. Together, layers 84, 86 and 88 25 i ayer g£ j s made to have a higher magnetization (dipole 
constitute longitudinal bias structure 90 extending to the left moment/volume) compared to top bias layer 84. The exact 
and right of sensor 70. Electrical contacts 92 are typically composition of the bias layers again depends upon the 
made to top bias layer 84 on both sides of sensor 70. required longitudinal bias field. If a large bias field is 
In operation, current flows between the left portion of top 3Q required, then bottom bias layer 86 should be made to have 
bias layer 84 and the right portion of top layer 84 through much higher magnetization than top bias layer 84. As a 
contacts 92. When applied magnetic fields rotate magneti- specific example, bottom bias layer 86 is made of CoFe 40 
zation Mq of the free layer 78, a change in resistance is with a magnetization of 2.2 Tesla, and top bias layer 84 is 
sensed due to the giant magnetoresistive effect. The opera- made of Co with a magnetization of 1.8 Tesla. 
tion of the present device is similar to the operation of prior 35 Of course, the magnetic moments of the bias layers can 
art devices. also be selected by individually adjusting both the thick- 
Bias layers 84, 86 each have an associated magnetic • nesses of the bias layers and the composition of the bias 
moment which is adjusted by appropriately selecting the layers. As a general principle in the present invention, the 
thickness and the composition of the bias layers. AP struc- bias layer most strongly coupled (magnetically) to the free 
ture 90 is made so that a longitudinal biasing field is applied 40 layer should have the highest magnetic moment in order to 
to free layer 78. This is accomplished by choosing the obtain the largest bias. Making the bias layer which is more 
magnetic moments of the bias layers so that with zero strongly coupled to the free layer with a lower moment is 
applied field, AP structure 90 has a nonzero net magnetic also acceptable, but the bias on the free layer will be smaller 
moment. In other words, the magnetic moments of top bias in that case and oppositely directed to the case where the 
layer 84 and bottom bias layer 86 should be unequal on both 45 larger moment layer is next to the free layer, 
sides of sensor 70. Both magnetostatic and exchange inter- FIG. 7 shows an alternative embodiment of the present 
actions between longitudinal bias layer 86 and free layer 78 invention in which a longitudinal bias structure 91 is used in 
are possible. In embodiments where the left and right ' a so-called bottom spin valve sensor 71. Ferromagnetic layer 
portions of bottom bias layer 86 are in contact with free layer 76 in sensor 71 is separated from free layer 78 by conductive 
78 an exchange interaction between free layer 78 and bias 50 layer 80 and is pinned by AF layer 74. Sensor 71 is also 
layer 86 will bias free layer 78 in the direction of bias layer made on substrate 72 to which an additional spacer layer 
86, as clearly shown by the magnetization arrows. If the may be provided. 

magnetic moment of left and right portions of bottom bias Free layer 78 in sensor 71 extends beyond the width of a 
layer 86 is greater than the magnetic moment of left and track, which corresponds to the separation or distance 
right portions of top bias layer 84 then the magnetostatic 55 between the right and left portions of bias structure 91. Free 
interaction of the anti-parallel layer 84 with free layer 78 layer 78 is separated from a top bias layer 87 by spacer layer 
will add to the exchange interaction. If the net moment is 83. This embodiment is very efficient on its use of the 
opposite to bias layer 86 then the interaction will subtract. It various layers in that right and left portions of bias structure 
will be understood that embodiments where there is no 91 use portions of free layer 78 to the right and left of the 
direct contact between longitudinal bias layers and the free go track width as the bottom bias layer. In other words, anti- 
layer (such that there is no exchange interaction) but which parallel exchange coupling is produced between top bias 
rely on the magnetostatic interaction will also provide a layer 87 and free layer 78 outside the track width across 
longitudinal bias to the free layer, and are a part of the layer 83. Of course, at least the portion of layer 83 within the 
present invention. track width has to be conductive for proper operation of 

TTius, when right and left portions of bottom bias layer 86 65 sensor 71. 

have higher magnetic moments than the right and left An advantage of sensor 71 is that a strong exchange 

portions of top bias layer 84, then bottom bias layer 86 interaction is produced between the longitudinally biased 
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portion of free layer 78 beyoDd the track width with a sense provide increased coercivity for the bias structure 94. Of 

portion 79 of free layer 78 corresponding to the track width. course, second exchange -coupling layer 98 must be made of 

This ensures excellent longitudinal biasing. a material which induces antiferromagnetic exchange cou- 

FIG. 8 shows an embodiment of the invention in which phng- 

longitudinal bias structure 91 using portions of free layer 78 5 With increased number of bias layers the bias layer most 

is used in a top spin valve 73. Top spin valve 73 is similar strongly coupled to free layer 78 should preferably have the 

to bottom spin valve 71 in that its free layer 78 extends highest magnetic moment to obtain the strongest exchange 

beyond the track width as well. In top spin valve 73 free bias. Any of the bias layers 84, 86, 96 can be most strongly 

layer 78 is near the bottom of sensor 73 and is separated coupled to free layer 78. It should be noted that the structure 

from substrate 72 by a spacer layer 93. Ferromagnetic layer 10 shown in FIG. 10 can contain an AF layer in contact with 

76 and AF layer 74 for pinning it are located between right bias layer 86 or bias layer 96 of both. This structure can also 

and left portions of longitudinal bias structure 91. Conduc- be employed in the previous embodiments shown in FIGS, 

tive layer 80 is interposed between free layer 78 and 6-9. 

ferromagnetic layer 76. Preferably, in the making of top spin Of course, the present invention is applicable to devices 

valve 73 upper layers of spin valve 73 are removed on both 15 where free layer 78 is buried under pinned layer 76. FIG. 11 

sides of the track width by using lithographic definition and shows such a device. Bottom bias layer 86 provides bias for 

ion milling. After this, bias structure 91 is built up. free layer 78 in this case. It will be apparent to one skilled 

As in the case of bottom spin valve 71, an advantage of in the art that the variations illustrated in FIGS. 9 and 10 are 

sensor 73 is that the strong exchange interaction between the also applicable to devices where the free layer is buried 

longitudinally biased portions of free layer 78 beyond the 20 under the pinned layer. 

track width with sense portion 79 ensures excellent biasing. As discussed above, present invention is also applicable 

It should also be noted that in either top or bottom spin valve to other sensors, e.g., anisotropic AMR sensors, as illus- 

an additional AF layer can be placed on top of top bias layer trated in FIG. 12. Here an AMR sensor 100 is provided with 

87 for producing pinned longitudinal bias structures, as longitudinal bias structure 90 according to the present inven- 

described above. 25 tion. Sensor 100 has a free or sense layer 102 to be biased, 

It is noted that the difference in magnetic moments of the a SAL layer 104 and a spacer layer 106 separating layers 100 

top layers and bottom layers should be scaled with the bias and 102. As in the case of GMR sensors discussed above, 

field requirements of the free layer. For example, if the free longitudinal bias structure 90 can be coupled with an AF 

layer is exceptionally thin (e.g., less than 20 A), a relatively 3Q layer, or can have more than the two ferromagnetic bias 

weak bias field is required, and the top and bottom bias layers shown. Also, either the top bias layer 84 or bottom 

layers should have approximately equal magnetic moments. bias layer 86 can be more strongly magnetically coupled to 

If a strong bias field is required, the top layers and bottom sense layer 102. 

layers should have substantially different magnetic The present invention is also applicable to tunnel valve 

moments. The exact magnetic moments of the bias layers 35 devices, as discussed above. FIG. 13 shows a magnetic 

depends greatly upon the magnetic characteristics of the free tunnel junction (MTJ) sensor 120 equipped with longitudi- 

layer, the geometry of the structure and the junction (i.e. nal bias structure 90 according to the present invention, 

magnetic coupling) between the free layer and bias layers. A Sensor 120 has thin, electrically insulating barriers 128 

person of average skill in the art will be able to optimize the which electrically insulate a free layer 122 from the bias 

selection of magnetic moments on a case by case basis. ^ layers 84, 86. A tunnel barrier 130 is disposed between free 

Although the anti -parallel longitudinal bias structure 90 of layer 122 and a pinned layer 126. Tunnel barrier 130 can be 

the present invention has a high coercivity compared to prior made of a thin film of Si0 2 , alumina, boron nitride or 

art hard bias layers, further improvement is also provided another dielectric material. An electrical contact 132 is 

within the scope of the present invention. FIG. 9 shows a connected to free layer 122, and an electrical contact 134 is 

preferred embodiment of the present invention having Ion- 45 connected to substrate 72 or a bottom electrical lead layer 

gitudinal bias structure 90 with substantially improved (not shown). 

reversal field compared to the devices of FIGS. 6-8. The In operation, a sense current provided at electrical contact 

device has an AF layer 92 extending under structure 90 on 134 flows from substrate 72 or from bottom electrical lead 

the left and right. It should be noted that AF layer 92 can At layer through the tunnel barrier 130 and to electrical contact 

also be deposited on top of structure 90, i.e., on top of top 50 132. Longitudinal bias structure 90 provides bias to free 

bias layer 84. layer 122 in the same manner as in the sensor of FIG. 6. 

The left portion of AF layer 92 is exchange coupled with However, it is important to note that since structure 90 must 

the left portion of bottom bias layer 86; the right portion of be ohmically insulated from free layer 122, bias layers 84, 

AF layer 92 is exchange coupled with the right portion of 86 may need to have somewhat higher net magnetic 

bottom bias layer 86. AF layer 92 provides exchange anisot- 55 moments than for a spin valve structure, 

ropy to the magnetizations of the AP bias structure 90. AF FIG. 14 shows an embodiment in which longitudinal bias 

layer 92 helps to increase the coercivity and exchange field structure 90 is coupled with an AF layer 134. It is understood 

shift of bottom bias layer 86, as is known in the science of that bias structure 90 without AF layer 134 will function as 

antiferromagnetic exchange anisotropy. well. Also, bias structure can have more than the two bias 

In the present invention, the longitudinal bias structure 60 layers shown, as discussed above, 

can have more than three constituent anti-parallel bias The sensors of the present invention are made using 

layers. FIG. 10 shows an embodiment where a longitudinal conventional masking thin film deposition and photolitho- 

bias structure 94 has three ferromagnetic bias layers. The graphic techniques. The bias layers 84, 86 of FIG. 6 and 

bottom-most layers 86, 84 are coupled to free layer 78 as is exchange coupling layer 88 are deposited and patterned 

a top-most layer 96. Asecond exchange -coupling layer 98 is 65 using lift-off techniques or etching (e.g. wet etching, dry 

provided between ferromagnetic bias layers 84 and 96. plasma etching, ion milling or other suitable techniques). 

Second exchange -coupling layer 98 and third bias layer 96 Preferably, the bias layers and exchange coupling layer are 
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deposited after pinned layer 76 and free layer 78 have been c) an exchange-coupling layer of thickness t^, disposed 

deposited. It is also preferable that bottom bias layer 86 be between said top ferromagnetic bias layer and said 

deposited and patterned in the same steps so that they have bottom ferromagnetic bias layer, said thickness t^, 

identical thicknesses are compositions, except where free being selected such that said second magnetic moment 

layer 78 is used as one of the layers to be anti-parallel pinned 5 Hz is maintained anti-parallel to said first magnetic 

(as in the embodiments in FIGS. 7-8). Similarly, exchange moment M 1 by antiferromagnetic exchange-coupling 

coupling layer 88 should be deposited and patterned in the between said top ferromagnetic bias layer and said 

same steps, as is also true for top bias layer 84. Deposition b ° ttom ferromagnetic bias layer; 

and patterning of magnetic thin films is well known in the w ^ r f b y ? "P 0 ?* ma f ct f allon thnta jroduct M r t of 

art said longitudinal bias structure is equal to M^-M^. 

2. The longitudinal bias structure of claim 1, wherein said 

After the appropriate thin films are deposited and magnetic sensor is an anisotropic magnetoresistive (AMR) 

patterned, the magnetizations of the bias layers must be sensor. 

properly initialized. This can be accomplished using con- 3. The longitudinal bias structure of claim 1, wherein said 

ventional initialization techniques. The magnetic moments magnetic sensor is a giant magnetoresistive (GMR) sensor, 

in the bias layers 84, 86 spontaneously align in an and- 15 4. The longitudinal bias structure of claim 3, wherein said 

parallel fashion when the initializing field is applied. More GMR sensor is selected from the group consisting of GMR 

specifically, the heads can be initialized by immersion in a spin valve sensors and GMR multilayer sensors, 

field that exceeds the coercivity of the bias layer (typically 5. The longitudinal bias structure of claim 1, wherein said 

1-3 kOe) but is low enough not to significantly disturb the magnetic sensor is a tunnel valve sensor, 

sensor, i.e., the spin valve, the tunnel valve or the AMR 20 6 The longitudinal bias structure of claim 5, further 

sensor comprising an electrical insulation from said tunnel valve 

sensor 

For the embodiments of FIGS 9 and 14 the fabrication ? ^ e ^^nal bias stmctUfe of claim t fiff(her 

process is more involved I due to the multiple AF layers kin an antiferromagnetic layer next to said bottom 

which must be initialized. Jhe antiferromagnetic Tayers must fcrromagnctic bias layer> mcrcby crcating a pinncd longitu . 

have different exchange bias orientations (i.e. AF layer 74 dma j b * as stmcture 

has magnetic axes oriented parallel with the page and AF g jfo longitudinal bias structure of claim 1, wherein said 

layer 74 has magnetic axis oriented perpendicular to the exchange-coupling layer is a non-magnetic layer, 

page). One way in which these different magnetic axes can 9. The longitudinal bias structure of claim 8, wherein said 

be provided is by using antiferromagnetic materials with exchange-coupling layer is made of a material selected from 

different blocking temperatures, and initializing the mag- 30 the group consisting of Ru, Cr, Rh, Cu. 

netic axes of the AF layers at different temperatures. For 10. The longitudinal bias structure of claim 1, wherein 

example AF layer 92 is made of a low blocking temperature said first magnetization Mj and said second magnetization 

material with blocking temperature Tl , and AF layer 74 is M 2 are selected such that a net magnetic moment of said 

made of a high blocking temperature material with blocking longitudinal bias structure in said external field is non-zero, 

temperature T2. First, the sensor is heated to a temperature 35 U- The longitudinal bias structure of claim 10, wherein 

above T2, and a field is applied in a direction parallel with nct . magnetic moment is in a range equivalent to 0-50 

the desired axis orientation of AF layer 74. Then, the sensor ^ °^ NiaoFejo alloy. 

is cooled to a temp between Tl and T2 with the field applied. , 12 ^ lopptudiiial bias structure of claim 1, wherein at 

This fixes the magnetic axis of AF layer 72. Then, the field [ east one , of 831(1 to P ferromagnetic bias layer and said 

is oriented parallel with the desired axis orientation of AF 40 bottom ferromagnetic bias layer comprises a material 

layer 92 and the sensor is cooled to below Tl. This method Jg^J^^ g '° UP 001151511118 ° f C °' Fe ' Nl ^ 

provides the d^erentmagne^ the AF ° ^ £ itudinal bias stn ictiireof claim 12, wherein at 

ayer 74 and the AF ^ ayer W. A disadvantage of this ^ Qne of said ferromagnetic bias laycr md ^ 

technique * that the AF layer 92 and layer 74 must be made bottQm fcrromagnetic bias k ^ „ ^ „ M 

of different AF materials. Preferably, bias layers 84, 86 are &Qm ^ ansigt ^ of CoPt> CoFe> CoPtCr ^ CoPtX 

initialized after AF layers 74, 92 are mitiahzed. In some CoPtCrB md ermalloy * 

cases, it is sufficient to only apply a magnetic field to u ^ 1 itudinal bias structurc of claim j wherein 

properly orient the pinned or anh-parallel bias layers. Is it s ^ ferro tic bias { rises a ^on of 

also possible to orient the pmned layer with a current pulse, ^ ga ^ ^. ee r 

as is known in the art. 15 ^ loDgitudinal bias structure 0 f claim 14, wherein 

It will be clear to one skilled in the art that the above sdd magnetic sensor is selected from the group consisting of 

embodiment may be altered in many ways without departing top spin valve sensors, bottom spin valve sensors, giant 

from the scope of the invention. Accordingly, the scope of magnetoresistive (GMR) sensors, tunnel valve sensors, and 

the invention should be determined by the following claims 55 anisotropic magnetoresistive (AMR) sensors, 

and their legal equivalents. 16, A magn etic sensor for sensing an external magnetic 

What is claimed is: ge]^ sa id magnetic sensor comprising: 

1. A longitudinal bias structure for biasing a ferromag- a) a f crromagnctic free layer having a magnetization M 

netic free layer of a magnetic sensor, said ferromagnetic free responsive to said external magnetic field; 

layer having a ma^etization M 0 responsive to an external 6Q b) a lon ^ mdinal bias structure vaaSdaoed adjacent ^ 

magnetic field said longitudinal bias structure being posi- ferromagnetic free layer for biasing said ferromagnetic 

tinned adjacent to said ferromagnetic free layer and com- free lay ^ ^ longinjdinal bias ^uctme comprising: 

pnsing. ^ a ferromagnetic bias layer of first thickness i 1 

a) a top ferromagnetic bias layer of a first thickness ti and having a first magnetic moment M a ; 

having a first magnetic moment M a ; 65 2) a bottom ferromagnetic bias layer of second thick- 

b) a bottom ferromagnetic bias layer of a second thickness ness having a second magnetic moment M 2 anti- 
t> and having a second magnetic moment M 2 ; parallel to said first magnetic moment M^ 
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3) an exchange-coupling layer disposed between said 
top ferromagnetic bias layer and said bottom ferro- 
magnetic bias layer, such that said top ferromagnetic 
bias layer and said bottom ferromagnetic bias layer 
are antiferromagneticaUy coupled by said exchange- 5 
coupling layer; 
whereby a remnant magnetization thickness product M r t of 
said longitudinal bias structure is equal to Mj^-M^. 

17. The magnetic sensor of claim 16, wherein said lon- 
gitudinal bias structure further comprises an antiferromag- 10 
netic layer next to said bottom ferromagnetic bias layer, 
thereby creating a pinned longitudinal bias structure. 

18. The magnetic sensor of claim 16, wherein said 
exchange-coupling layer is a non-magnetic layer. 

19. The magnetic sensor of claim 18, wherein said 15 
exchange-coupling layer is made of a material selected from 
the group consisting of Ru, Cr, Rh, Cu. 

20. The magnetic sensor of claim 16, wherein said net 
magnetic moment is in a range equivalent to 0-50 A of 
Ni 80 Fe 20 alloy. 20 

21. The magnetic sensor of claim 16, wherein at least one 
of said top ferromagnetic bias layer and said bottom ferro- 
magnetic bias layer comprises a material selected from the 
group consisting of Co, Fe, Ni and alloys of Co, Fe and Ni. 

22. The magnetic sensor of claim 21, wherein at least one 25 
of said top ferromagnetic bias layer and said bottom ferro- 
magnetic bias layer comprises an alloy selected from the 
group consisting of CoPt, CoFe, CoPtCr, CoPtTa, CoPtCrB, 
and permalloy. 

23. A magnetic read head comprising: 30 
a) a magnetic sensor having a ferromagnetic free layer 

having a magnetization M 0 responsive to an external 
magnetic field; 
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b) a longitudinal bias structure positioned adjacent to said 
ferromagnetic free layer for biasing said ferromagnetic 
free layer, said longitudinal bias structure comprising: 

1) a top ferromagnetic bias layer of first thickness t 2 
having a first magnetic moment M a ; 

2) a bottom ferromagnetic bias layer of second thick- 
ness tj having a second magnetic moment M 2 anti- 
parallel to said first magnetic moment M t ; 

3) an exchange-coupling layer disposed between said 
top ferromagnetic bias layer and said bottom ferro- 
magnetic bias layer, such that said top ferromagnetic 
bias layer and said bottom ferromagnetic bias layer 
are antiferromagneticaUy coupled by said exchange- 
coupling layer; 

whereby a remnant magnetization thickness product M r t of 
said longitudinal bias structure is equal to M 1 t 1 -M 2 t^ 

24. The magnetic read head of claim 23, wherein said 
magnetic sensor is selected from the group consisting of 
anisotropic magnetoresistive (AMR) sensors, giant magne- 
to resistive (GMR) spin valve sensors, GMR multilayer 
sensors and tunnel valve sensors. 

25. The magnetic read head of claim 23, further compris- 
ing an antiferromagnetic layer next to said bottom ferro- 
magnetic bias layer, thereby creating a pinned longitudinal 
bias structure. 

26. The magnetic read head of claim 23, wherein said 
bottom ferromagnetic bias layer comprises a portion of said 
free layer. 

***** 
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